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Abstract: The suitable test equipment for wire-drawing was designed. Wire-drawing tests were carried on with this equipment for
TiC/Al, 05 ceramic wire-drawing die. Effect of lubrication medium and drawing velocity on the drawing force was investigated. The
wear mechanisms of the ceramic drawing dies were investigated. Worn bore surfaces of the ceramic drawing dies were examined by
scanning electron microscopy. The results show that lubricant media have great influence on the drawing force. The drawing force is
the smallest when a grease lubricant is used. But alteration of drawing velocity has scarcely any influence on the drawing force.
Detailed observations and analyses of the die wear surface reveal that the most common failure of the ceramic drawing die is the
wear in the invariable zone and bearing zone owing to the greater press stresses. Abrasive and adhesive wear are found to be the

predominant wear mechanisms for ceramic drawing die.
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1 Introduction

In wire drawing industry, the wire drawing die is an
important wasting mould used at wire, cable, welding
rod, etc. The expense of die is about 50% in all drawing
process[1]. The main reason that leads to uselessness of
die is friction and worn out[2]. The ceramic materials
have excellent general mechanical properties in wear
resistance, oxidation resistance and corrosion resistance,
and they are the excellent materials used as wire drawing
dies[3]. TiC/AL,O; ceramic wire drawing die has already
been developed in laboratory, it has better mechanism
properties in drawing process, but the research on
lubricant choice and wear behavior is scarce[4]. So the
experiment platform is established. The wire drawing
experiment is done by using five lubricants, and the wear
behavior of die is analyzed by SEM (Scanning Electron
Microscope). The TiC/Al,O5 ceramic composite is the
favorable material as drawing die, through
investigation on lubricant choice and wear behavior,
the wear behaviors on every zone in bore surfaces are
analyzed and the best lubricant mediums are provided for

reducing drawing force in order to offer scientific
evidence to use TiC/Al,O3 ceramic die well.

2 Experimental

2.1 Preparation of material

The purity of TiC powder is higher than 99.8%, its
density is 4.25 g/cn?’, its average diameter is shorter than
0.5 um. As for a-Al,O; powder, its purity is more than
99.9% and its density is 3.99 g/cm’, its average diameter
is shorter than 0.5 um. They were mixed in ball milling
canister with ethanol and ceramic small ball 48 h. The
volume fraction of TiC is 45% and that of Al,O5 is 55%.
After being roasted in dryness box, the mixed material
must be sifted in screen in flowing N, atmosphere. The
ceramic composite wire drawing die was prepared by hot
pressing sintering, the sintering temperature was 1 700—
1 800 °C, the pressure was 30 MPa, the heat preservation
was 10—30 min, and the sintering atmosphere was N,.

2.2 Testing of mechanics properties
The prepared ceramic samples was sliced into
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3 mmX4 mmX36 mm, its density was measured by
drainage method; its hardness was surveyed by using
Vickers sclerometer; its flexure strength was surveyed by
three-point winding method, the span distance was 20
mm, the loading rate was 0.2 mm/min; its fracture
toughness was measured by impressive means, the force
of impress was 196 N, the retaining time was 15 s, the
length of impress was measured by 400 times
microscope. The mechanical properties of wire drawing
die are listed in Table 1.

Table 1 Mechanical properties of TiC/Al,O; ceramic composite

specimen
Fracture .
toughness/ Flexure Hardness Density/
(MI%a-m” 2) strength/MPa  (Hv)/GPa  (grem )
4.9 850 21.5 6.64

2.3 Lubrication and wear testing

The drawn wire is 65 Mn steel; its diameter is 4.5
mm, which changed to 4 mm after drawing process, with
the reduction ratio of 21%. Suitable test equipment for
wire-drawing is designed. Wire-drawing tests are carried
on with this equipment for TiC/Al,O; ceramic wire
drawing die. Effect of the lubrication medium on the
drawing force is investigated. There are six lubricant
states in the testing, no lubricant; water; engine oil;
saponification liquid; lubricating grease; graphite[5].
There are three drawing velocities, i.e. 10, 100 and
500 mm/min.

After experiment of drawing, the die is cut open by
thread cutter through symmetrical axis. It is washed in
ultrasonic launder by grain alcohol and then dried and
preserved in airproof environment. Wire drawing die
shows sliding friction with wire in drawing process[6].
The friction and wear behaviors of die interconnect with
inner hole closely. The microstructure of die samples is
investigated by SEM. The worn bore surfaces of ceramic
die are shown in Fig.1.
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Fig.1 Worn bore surfaces of ceramic die

3 Results and discussion

3.1 Variation of drawing force with lubricant

When drawing velocity is 10 mm/min, the drawing
forces change as shown in Fig.2. It can be seen that
different lubricants have different effects on drawing
process. As for no lubricant state, the drawing force is
the maximum which reaches 3.10—3.30 kN. When the
lubricant is water, the force is less than the former, the
average value reaches 2.70 kN. As lubricant is engine oil
or saponification liquid, the force is less than the former,
reaches about 2.50 kN, and the lubricating effect with
engine oil or saponification liquid is the same in the
gross. The force value with graphite is 2.00-2.10 kN, it
is even less than engine oil or saponification liquid. The
force with lubricating grease is the minimum, about
1.80—2.00 kN.
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Fig.2 Variations of forces with different lubricants at 10 mm/min

As the velocity is 100 mm/min, the drawing forces
change as shown in Fig.3. When there is no lubricant, the
drawing force is the maximum all the time whose
average value is 3.20 kN. In water lubricant, the force is
less than no lubricant, and reaches 2.60—2.75 kN. As
lubricant is engine oil or saponification liquid, the force
is in the middle of all states, reaches about 2.50 kN, and
the lubricating effect with engine oil is better than
saponification liquid. The force value with graphite is
2.00—2.10 kN. The force with lubricating grease is the
minimum, less than 2.00 kN.

As velocity reaches up to 500 mm/min, the forces
change as shown in Fig.4.

When there is no lubricant, the drawing force value
maintains 3.20 kN. When there is water lubricant, the
force value is about 3.00 kN, which is higher than low
velocity. As lubricant is engine oil or saponification
liquid, the force is less than the former, reaches about
2.50 kN, and the lubricating effect with engine oil or
saponification liquid is the same in the gross, too. The
force value with graphite is 2.00—2.10 kN. The force
with lubricating grease is the minimum, 2.00-2.10 kN.
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Fig.3 Variations of forces with different lubricants at 100
mm/min

As a whole, the drawing force changes less with
drawing velocity, and the force at low velocity is less
than at high velocity. In all lubricants, lubricating grease
has the excellent lubricating effect in drawing process,
and graphite is a little worse than grease lubricant. They
are fitting for drawing process. Other lubricants are
unfavorable for drawing process.

3.2 Investigation of different zones micrographs
The worn micrograph of entrance zone is shown in

Fig.5(a). It can be seen that the surface of entrance zone
is smooth. And there are a few pits on the surface. There
is not a mass of friction and no wear traces in the whole
entrance zone.
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Fig.4 Variations of forces with different lubricants at 500
mm/min

The worn micrograph of bearing zone is shown in
Fig.5(b). It can be seen that there are lots of furrows and
fallen grains on the surface of bearing zone. The surface
is worn badly. It is obvious that the traces bring along
wire drawing direction by friction and wear. On local
surface, there are some pits due to fallen grains and
microcracks.
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The worn micrograph of invariable zone is shown in
Fig.5(c). It can be seen that the worn behaviors of
invariable zone surface are the same as bearing zone, full
of furrows and fallen grains. Abrasive wear properties
are main worn behaviors. The surface is worn badly and
the grains are coarsened. There is a few lubricating
leftovers in invariable zone. Obviously, the traces bring
along wire drawing direction. On local surface, some pits
and micro cracks appear by fallen grains.

The worn micrograph of exit zone is shown in
Fig.5(d). It can be seen that the worn behaviors of exit
zone surface are completely different from the other
zones, which are full of cracks. Main worn behaviors are
crushability properties with fallen grains and no traces
appear on surface. There are a mass of lubricating
leftovers on the surface.

As a whole, the wear and tear behaviors are
different in different zones. In the entrance zone, the
surface does not contact with wire, so the surface is

smooth and only a few scratches due to wire come into it.

On the surface of bearing and invariable zone, the wire
touches the surface tempestuously, the friction and wear
is quite severe, then lots of mechanism traces are
produced with fallen grains and micro cracks. In the exit
zone, the worn behaviors are main crushability properties
with fallen grains, where there are a lot of lubricating
leftovers.

3.3 Analyses of wear mechanism of ceramic die

The most common failure of the ceramic drawing
die is the wear in the bearing zone and invariable zone
owing to the greater drawing stresses. The stress
distribution of bore surface is solved by FEM. Fig.6
shows the axial stresses distribution with drawing
velocity of 100 mm/min. It can be seen that the axial
stresses are axisymmetric and the main stresses are
compressive. The great compressive stresses take place
at the bearing zone and invariable zone and the
maximum value reaches 317 MPa. In the entrance zone
and exit zone, the stresses are less than those in the
bearing zone and invariable zone.

The radial stress distribution of TiC/Al,Oz ceramic
dies is shown in Fig.7. It is obvious that the radial
stresses are greater than the axial stresses; the maximum
value of compressive stress is 2.03 GPa on the bearing
zone surface. The great compressive stresses appear in
the bearing zone and invariable zone and the values of
stresses descend from bearing zone and invariable zone
to entrance zone and exit zone.

In drawing process, wear mechanisms are different
in different zones. The surfaces are severely worn in
bearing zone and invariable zone, and the wear
mechanism is abrasive primarily with small micro
cracks.
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Fig.6 Axial stress distribution of ceramic wire drawing die
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Fig.7 Radial stress distribution of ceramic wire drawing die

4 Conclusions

1) Lubricant mediums have great influence on the
drawing force. The drawing force is the smallest when a
grease lubricant is used.

2) Wear behaviors on bore surfaces of ceramic die
are different. Detailed observations and analyses of the
die wear surface reveal that the most common failure of
the ceramic drawing die is the wear in the bearing zone
and invariable zone owing to the greater compressive
stresses. Abrasive and adhesive wears are found to be the
predominant wear mechanisms for the ceramic drawing
die.
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